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1 .  PURPOSE 


The  purpose  of  this  program  is  to  perform  research  and  development 
directed  toward  the  construction  of  a  maser  amplifier  operating  near  70  gc. 
The  design  goals  are  to  obtain  a  broadband,  low  noise  amplifier  which  will 
be  simple  to  operate  and  easily  tunable  over  a  considerable  frequency  range. 
To  this  end,  studies  will  be  carried  out  to  determine  the  most  suitable  maser 
material  and  pumping  method. 

Also,  various  broadbanding  techniques  will  be  studied,  and  where  a  method 
shows  promise,  experiments  using  this  technique  will  be  conducted. 


2.  ABSTRACT 


Preliminary  design  parameters  have  been  established  for  a  traveling  - 
wave  configuration  of  the  70  gc  maser.  The  feasibility  of  using  a  traveling- 
wave  structure  depends  critically  upon  the  availability  of  a  suitable  isolation 
material  and  upon  the  development  of  microwave  matching  techniques. 

Several  ferrite  isolator  materials  have  been  tested  as  a  function  of  resonant 
frequency  versus  magnetic  field  at  room  temperatures  and  at  liquid  helium 
temperatures . 

Rutile  maser  materials,  having  a  very  high  dielectric  constant,  are 
difficult  to  insert  into  the  microwave  circuitry  without  causing  very  large 
mismatches.  Therefore,  the  design  of  proper  matching  devices  and  con¬ 
figurations  has  been  of  primary  concern  during  this  period. 

A  computer  program  was  established  during  this  period  to  solve  the  steady 
state  rate  equations  for  the  iron  ion  in  rutile.  Since  the  relaxation  rates  are 
not  known  with  sufficient  accuracy,  the  results  of  the  program  are  somewhat 
inconclusive  . 
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3.  PUBLICATIONS,  LECTURES,  REPORTS, 
AND  CONFERENCES 


A  conference  was  held  at  the  Westinghouse  Air  Arm  Division,  Baltimore, 
Maryland,  on  30  January  1963,  attended  by  Mr.  Emerson  Frost  of  the 
United  States  Army  Electronic  Research  and  Development  Laboratory 
(USAELRDL)  and  Mr.  W.E.  Hughes  of  Westinghouse.  The  conference  was 
held  to  discuss  the  progress  being  made  on  the  contract,  and  to  establish 
some  of  the  final  design  parameters  of  the  70  gc  maser. 

On  12  February  1963,  Dr.  R.  A.  Moore  and  Mr.  D.C.  Webb  of 
Westinghouse  visited  Fort  Monmouth,  New  Jersey,  to  confer  with  E.  Frost, 
I.  Bady,  T ."  Collins,  and  W.  Wade  of  USAELRDL  on  the  nonreciprocal 
transmission  portion  of  the  traveling -wave  maser  program. 
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4.  FACTUAL  DATA 

4.  1  SUPERCONDUCTING  MAGNET 

During  this  period,  the  design  parameters  for  the  superconducting  magnet 
have  been  sufficiently  established  to  allow  construction  to  begin. 

The  magnet  is  designed  to  produce  a  magnetic  field  variable  from  4  to  5.  5 
kilogausses  by  an  external  adjustment.  The  field  will  be  uniform  to  within 
±2  gausses  over  a  length  of  1-1/2  inches.  The  superconducting  wire  will  be 
wound  over  an  iron  bobbin  and  the  spacing  between  the  pole  faces  will  be 
0.  220  inch.  Since  a  uniform  high  field  is  desired,  it  will  be  necessary  to 
polish  the  pole  faces  to  an  optical  flatness  of  a  few  microns. 

The  magnet  will  be  provided  with  a  persistent  mode  switch  which  will 
allow  all  external  power  to  be  disconnected  after  the  proper  field  has  been 
established. 

Figures  1,  2,  and  3  show  the  preliminary  design  of  the  helium  dewar, 

TWM  magnet,  and  waveguide  assembly  that  will  be  used.  It  is  anticipated 
that  the  magnet  will  be  delivered  to  the  Air  Arm  Division  of  Westinghouse 
for  testing  in  the  first  week  of  April.  There  will  be  approximately  three 
months  of  testing  before  delivery  of  the  maser  to  the  Signal  Corps. 

4.2  MICROWAVE  MATCHING  MEASUREMENTS 

Because  of  its  high  dielectric  constant,  rutile  is  very  difficult  to  place  in 
a  microwave  circuit  without  creating  high  standing  wave  ratios  by  reflection 
at  the  surfaces  of  the  material.  In  the  traveling -wave  structure,  any  signal 
power  that  is  reflected  back  toward  the  antenna  will  be  lost  to  the  receiver 
and  will  have  the  effect  of  increasing  the  noise  figure  of  the  receiving  system. 
Since  the  maser  is  useful  because  of  its  low  noise  figure,  any  mismatch 
that  causes  signal  power  to  be  lost,  cannot  be  tolerated. 
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Figure  1.,  Dewar  for  Superconducting  System 

One  of  the  major  efforts  in  designing  the  traveling -wave  maser  must  be 
directed  toward  proper  matching  of  the  maser  material  to  the  microwave 
circuit. 

The  matching  should  be  done  in  such  a  manner  that,  with  no  external  mag¬ 
netic  field  applied,  the  maser  crystal  will  appear  transparent  to  the  signal 
freguency  and  at  the  same  time  it  should  appear  as  a  matched  load  to  the 
pump  source. 

First  attempts  to  match  the  rutile  maser  sample  to  the  microwave  cir¬ 
cuit  were  made  using  V-band  (50-75  gc)  waveguide,  completely  filled  by  a 
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Figure  2.  Iron  Bound  TWM  Magnet 


crystalline  rutile  sample.  Matching  was  accomplished  by  placing  a 
quarter -wave  piece  of  Stycast  with  a  dielectric  constant  of  13  on  both  ends  of 
the  rutile. 

A  long  tapered  section  of  Teflon  was  used  as  a  dielectric  transition  from 
the  waveguide  to  the  Stycast.  By  placing  the  sample  in  the  proper  position 
in  the  waveguide ,  the  signal  loss  through  the  assembly  could  be  made  as  low 
as  5  db  for  a  l-l/4-inch  long  sample.  When  the  assembly  was  cooled  to 


Figure  3.  70  gc  Maser  Waveguide  Assembly 
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liquid  helium  temperatures  a  great  number  of  dielectric  resonances  were  set 
up  in  the  sample,  indicating  that  the  matching  was  far  from  optimum.  Also, 
there  was  a  large  amount  of  signal  power  reflected  from  the  sample  which 
further  indicated  a  poor  match. 

A  second  approach  to  the  matching  problem  was  made  by  placing  a  sample 
of  rutile  in  W-band  (90-140  gc)  waveguide  and  using  Stycast  and  Teflon  match¬ 
ing  devices  as  in  the  V-band  waveguide.  The  losses  to  the  signal  frequencies 
were  approximately  5  db  and  a  large  reflected  signal  indicated  a  poor  match 
to  the  rutile  sample. 

The  third  approach,  the  one  that  appears  most  applicable  to  date,  has  been 
to  use  a  very  thin  slab  of  rutile,  0.015  to  0.020-inch  thick,  placed  along  one 
wall  of  the  V-band  waveguide.  First  tests  of  this  approach  showed  that  di¬ 
electric  resonances  were  still  being  established  in  the  sample;  however,  the 
transmission  losses  were  on  the  order  of  2  db  and  coupling  to  the  sample 
appears  to  be  good  at  both  pump  and  signal  freguencies. 

A  piece  of  rutile  is  now  being  formed  that  will  be  0.010  inch  thick  and 
1-1/8  inches  long.  This  sample  will  be  bonded  to  Rexolite  and  tapered  on 
each  end  to  a  form  very  sharp  leading  and  trailing  edge. 

To  this  new  structure  of  Rexolite  and  rutile  will  be  added  a  thin  layer  of 
ferrite  isolator  material  and  these  three  materials  will  form  a  sandwich 
which  will  be  placed  along  one  wall  of  the  V-band  waveguide.  Since  the 
structure  is  being  formed  at  the  Westinghouse  Research  Laboratory,  it  is 
anticipated  that  testing  will  be  started  about  the  second  week  in  March. 

4.  2.  1  Matching  Techniques 

In  order  to  optimize  noise  and  gain  characteristics,  it  is  necessary  to 
minimize  generation  of  higher  order  modes.  A  first  attempt  to  do  this  was 
made  by  completely  filling  the  cross  section  of  the  waveguide  since  if  the 
cross  section  is  uniform,  none  of  these  modes  will  be  generated. 

In  order  to  suitably  match  to  the  rutile  sample,  the  scheme  shown  in 
figure  4  was  employed.  The  tapered  Teflon  pieces  were  used  to  provide  a 
better  impedance  match  with  the  immediately  available  intermediate 
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dielectric  constant  materials  than  could  be  obtained  without  it.  Furthermore, 
the  Teflon  served  to  hold  the  matching  sections  firmly  in  place. 

To  minimize  reflections,  the  impedance  of  the  matching  section  should  be 
the  mean  of  the  impedances  of  the  two  materials  being  matched,  in  this  case, 
Teflon  and  rutile.  The  dielectric  constant  should  equal  x  e^,  «14,  where 
and  €  are  the  dielectric  constants  of  rutile  and  Teflon  respectively.  In 
the  present  experiment,  Stycast  having  a  dielectric  constant  of  about  3.  5, 
was  used.  The  sections  should  be  a  quarter-wavelength  long  in  the  medium 
at  the  desired  frequency,  which  at  70  gc  is  about  12  mils.  Although  this  con¬ 
figuration  is  theoretically  matched  at  only  a  single  frequency,  it  should  be 
adequate  for  the  range  of  frequencies  of  the  present  application.  If  it  does 
not  prove  to  be  so,  additional  matching  sections  can  be  used. 

The  Teflon-rutile  configuration  had  an  insertion  loss  ranging  from  4  to  7 
db  over  frequencies  from  67  through  73  gc.  Although  the  loss  is  considerably 
less  than  that  of  previous  configurations,  for  there  still  appears  to  be  a 
significant  amount  of  multimoding.  The  large  number  of  dielectric  resonances 
observed  at  liquid  helium  temperatures  tend  to  further  verify  this  conclusion. 

In  order  to  get  sufficient  interaction  with  the  ferrite,  the  width  of  the 
rutile  must  be  substantially  reduced.  (This  is  elaborated  on  later  in  this 
report. )  The  presence  of  the  ferrite  slab  in  this  configuration  will  greatly 
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enhance  the  possibility  of  higher  order  mode  generation.  To  eliminate  this 
problem,  a  dominant  mode  structure  will  be  employed.  The  rutile  widths 
required  may  be  quantitatively  determined  from  figure  5.  *  At  70  gc,  with  the 
dielectric  in  the  center  of  V-band  waveguide,  a  sample  width  of  5  mils  would 
be  required  in  order  that  all  higher  order  modes  be  cut  off.  If  a  smaller 
waveguide  (for  example,  W-band  waveguide)  is  used,  the  sample  width  can 
be  increased  to  10  mils  with  the  structure  still  being  dominant  mode.  A 
further  improvement  can  be  realized  by  placing  the  rutile  at  the  edge  of  the 
guide.  Here  the  TE^q  mode  effectively  becomes  the  dominant  mode  of  a 
guide  of  dimensions  2a  and  2c  total  width  and  dielectric  width  respectively. 

The  mode  thus  becomes  the  first  higher  order  mode.  By  using  this 

configuration  in  the  W-band  waveguide,  the  dielectric  width  could  further  be 
increased  to  12  mils. 

Suitable  matching  will  be  attained  by  using  quarter -wave  sections  of 
Stycast.  The  optimum  width  of  these  sections  will  be  experimentally  deter¬ 
mined.  The  configuration  which  will  be  used  to  study  the  properties  of  a 
dominant  mode  structure  is  shown  in  figure  6. 

4.  2.  2  Nonreciprocal  Attenuation 

In  order  to  determine  a  suitable  composition  of  Sr  O  '  x  Al^O^  (6-x)  Fe^O^ 
to  provide  suitable  nonreciprocal  attenuation,  transmission  cavity  measure¬ 
ments  were  made  on  spheres  of  several  different  compositions. 

In  order  to  determine  the  temperature  dependence  of  the  anisotropy  field, 
material  was  obtained  having  x  =  0  and  x  =  0.  5  from  Dr.  I.  Bady  of 
USAELRDL.  From  these  results  it  was  deduced  that  a  value  of  x  =  0.  2  would 
be  required  for  the  present  application. 

Since  this  composition  was  unavailable  from  this  source,  material  was 
obtained  from  Dr.  Paul  Albert  of  the  Westinghouse  Research  Laboratories 
and  Dr.  Frank  Brockman  of  the  Philips  Laboratories. 


1  P.  H.  Vartanian,  W.  P.  Ayres,  and  A.  L.  Helgesson,  "Propagation  in 
Dielectric  Slab  Loaded  Rectangular  Waveguide,  "  PGMTT  of  IRE,  MTT-6, 
(April  1958),  215-222. 
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Figure  5.  Normalized  Cutoff  Wavelength  as  a 
Function  of  Dielectric  Width  (c^  =  100) 
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The  results  of  the  dispersive  measurements  are  indicated  in  figure  7.  A 
curve  of  the  field  versus  frequency  relationship  as  required  by  maser  energy 
level  considerations  is  also  indicated.  Corrections  for  demagnetizing  factors 
and  temperature  dependence  have  been  included.  The  amount  of  shift  with 
temperature  was  based  on  the  observed  change  of  anisotrophy  of  the  x  =  0 
and  x  =  0.  5  materials  and  was  taken  to  be  0.6  kilogauss.  Since  a  means  of 
tuning  the  cavity  at  liquid  helium  temperatures  has  now  been  incorporated  into 
the  structure,  it  will  now  be  relatively  easy  to  measure  the  dispersion  over 
the  required  range  of  frequencies. 

The  Philips  material,  SrO  •  0.2  Al^O^  5.8  Fe^O^,  appears  to  be  adequate 
for  the  present  application.  Although  the  curves  of  ferrite  dispersion  and 
required  maser  dispersion  have  opposite  slopes,  the  ferrite  linewidth  is 
sufficiently  broad,  about  2  kilogausses,  that  it  still  should  be  possible  to 
obtain  adequate  attenuation  over  the  entire  frequency  band,  69-71  gc. 

When  the  width  of  the  rutile  is  an  appreciable  fraction  of  a  wavelength  (in 
the  medium),  the  magnitude  of  fields  is  so  small  and  their  decay  so  rapid  at 
the  edge  that  interaction  with  any  ferrite  placed  at  that  point  is  slight.  In 
order  to  determine  the  rutile  width  necessary  to  obtain  a  sufficient  amount 
of  nonreciprocal  attenuation  for  the  present  application,  a  perturbation  analy¬ 
sis  was  conducted.  The  configuration  treated  is  shown  in  figure  8. 

It  is  assumed  that  the  H-fields  are  circularly  polarized  throughout  the 
ferrite  region,  all  losses  result  from  magnetic  losses  in  the  ferrite  and  the 
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Figure  7.  Dispersive  Measurements  of 


Sr  O  •  x  Al2  03  (6  -  x)  Fe.,  C>3 
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Figure  8.  Configuration  Used  in  the  Isolator 
Perturbation  Analysis 


real  (loss)  portion  of  the  propagation  constant  is  much  less  than  the  imaginary 
portion.  All  assumptions  prove  to  be  quite  valid  in  this  treatment.  The 
attenuation  constant  is  given  by  the  expression 


W|X0X 


ferrite  H*  da 
E  x  H*  n  •  ds 


which  reduces  to 


H‘  ^ 
H2  da 

*  ^  total  a 


By  substituting  the  appropriate  expressions'-  into  equation  2 


H  ...  =  D  sin  Ur 

rutile 


H-  =  D  sin  U  e 
ferrite 


V  (1  -  r) 


V/t 


1 2  2 
U  +  V 

2  2 
e.  U  +  e  V 
f  r 


2  R.  A.  Moore  and  R.  E.  Beam,  "A  Duo-Dielectric  Parallel -Plane  Wave¬ 
guide,  "  Proceeding  of  the  National  Electronic  Conference,  (1956), 
689-705. 
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the  equation  for  attenuation  may  be  written 


\>  V  4H  JJ  u2+v2 


•  2  TT 

sin  U 
V 

2 

sin  2  V  sin  U 
2  U  V 


(4) 


where  r  =  X/a  and  U  and  V  are  the  separation  constants  as  determined  from 
Maxwell's  equations.  If  SrO  •  2  A1  O  5.8  Fe-0  is  used  (AH  =  2  K  , 

C  J  L,  J  g 

4*  M  =  3. 5  K  )  as  the  ferrite  material,  a  rutile  width  of  26  mils  will  provide 

s  g 

20  db  of  attenuation  in  a  1-1/2  inch  length  at  70  gc .  This  analysis  is  appli¬ 
cable  to  the  configuration  shown  in  figure  6.  The  side  wall  opposite  the  rutile 
will  have  a  negligible  effect  on  the  fields  since  they  decay  very  rapidly  away 
from  the  sample.  For  the  26-mil  width,  this  is  about  3  db/mil. 

The  above  technique  was  tested  by  applying  it  to  an  H- waveguide  resonance 
isolator  for  which  experimental  results  were  available.  The  theoretical  cal¬ 
culations  yielded  a  reverse  attenuation  of  30  db  as  compared  to  the  reported 

3 

experimental  value  of  27  db. 

It  thus  appears  that  the  26 -mil  width  of  rutile  would  result  in  adequate 
attenuation  for  this  application.  The  width  to  assure  a  dominate  mode  was 
found  to  be  12  mils.  However,  a  dominant  mode  structure  may  not  be 
strictly  necessary. 

It  appears  that  a  26-mil  width  of  rutile  with  a  slab  of  ferrite  a  few  mils 
thick  would  provide  adequate  attenuation  for  this  application.  The  require¬ 
ment  that  the  structure  be  dominant  mode  is  thus  much  more  severe  than 
the  attenuation  requirement.  If  a  nondominant  mode  structure  were  allowed, 
it  is  conceivable  that  all  higher  order  modes  would  interact  sufficiently  with 
the  ferrite  that  any  resonant  effects  would  be  eliminated.  However,  from 
noise  and  loss  considerations,  it  would  still  be  desirable  to  use  a  dominant 
mode  structure. 

3  W.W.  Anderson  and  M. E.  Hines,  "Wide  Band  Resonance  Isolator ,  " 
PGMTT  of  the  IRE,  MTT-9,  (January  1961),  63-67. 
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4.  3  MILLIMETER  WAVE  TRANSMISSION 

It  will  be  noted  in  figure  3  that  the  final  maser  design  will  use  oversize 
waveguide  to  transmit  the  signal  energy  to  and  from  the  active  maser  mate¬ 
rial.  This  has  been  done  for  two  reasons;  (1)  the  thin  wall  stainless  steel 
waveguide  at  V-band  has  small  ripples  along  its  length  which  set  up  high  im¬ 
pedance  modes  to  some  frequencies  within  the  signal  frequency  bandwidth, 
which  may  be  eliminated  by  the  oversize  waveguide,  and  (2)  an  oversize 
waveguide  is  less  lossy  than  dominant  mode  waveguide  if  the  wave  is  properly 
launched.  ^ 

During  this  period  a  few  very  preliminary  measurements  of  loss  per  unit 

length  for  dominant  versus  oversize  waveguide  were  made  which  indicated  a 

los 8  of  approximately  1  db/ft  in  V-band  waveguide  and  0.45  db/ft  in  K  -band 

a 

waveguide.  Thus,  these  measurements  indicate  that  it  would  be  beneficial 
to  use  the  oversize  waveguide  approach  in  the  final  system  if  the  waveguide 
run  is  longer  than  2  feet. 

One  other  solution  to  the  transmission  losses  at  70  gc  would  be  to  use  cir¬ 
cular  waveguide  throughout  the  receiving  system.  Since  extreme  care  must 
be  used  to  avoid  setting  up  lossy  modes,  it  was  felt  that  circular  waveguide 
would  be  too  difficult  to  use  in  an  experimental  setup  and  this  approach  has 
been  abandoned. 

4.4  COMPUTER  CALCULATIONS 

During  the  period  of  this  report,  the  Westinghouse  IBM  7090  computer 
facilities  were  used  in  an  attempt  to  discover  the  necessary  relaxation  rate 
ratios  to  allow  the  70  gc  maser  to  operate  with  a  pump  frequency  of  118  gc. 

It  was  necessary  to  use  the  computer  because,  for  the  iron  ion  in  rutile  there 
are  six  energy  levels  available  in  the  lowest  levels  and  to  be  correct,  the 
solution  must  consider  the  population  densities  of  all  six  levels.  Although 
only  the  1st,  5th,  and  3d  levels  are  actually  used  in  the  maser  operation, 


4  G.  R.  Valenzuela,  "Millimeter  Transmission  by  Oversize  and  Shielded- 
Beam  Waveguides,  "  The  Millimeter  and  Submillimeter  Conference  Pro¬ 
gram  and  Digest,  (January  7  through  10,  1963),  7. 
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the  2d,  4th,  and  6th  cannot  be  neglected  and  a  simple  three  level  type  solu¬ 
tion  is  not  sufficient. 

The  computer  was  programmed  to  solve  the  following  set  of  equations  in 

the  steady  state  i.  e.  ,  n.  =  0  for  the  values  of  n_,  n_,  n_,  n. ,  np,  n,  when 
7  l  123456 

the  values  of  the  co..,  W..,  and  N  were  givan. 


n.  = 
i 


ij 


u. .  n. 
J 


-  w..  n.)  +  £  W..  (n.  -  n.) 

'J  ‘  ij  1J  1  3 


i  =  1.  2,  3,  4,  5.  6 
j  =  1,  2,  3,  4,  5,  6 

i|*J 


(5) 


N  =  n.  +  n_  +  n_  +  n.  +  n_  +  n, 

1  2  3  4  5  6 

In  all  cases  the  Boltzmann's  factor 


co  —  co  e  kT 
ij  J1 

was  used,  and  all  =  0  except  W^,.  and  W^.  In  these  equations  co„  is  the 
transition  probability  between  the  ith  and  jth  levels,  W_  is  the  radiation  in¬ 
duced  transition  probability,  N  is  the  total  number  of  spins  involved,  h  = 
Planck's  constant,  k  =  Boltzmann's  constant,  is  the  transition  frequency, 
and  T  is  the  bath  temperature. 

Various  values  for  the  co..’s  were  chosen  and  the  machine  was  asked  to 

ij 

find  the  value  of  v  that  would  allow  n  to  be  greater  than  n  . 

53  5  3 

Many  solutions  were  found  for  the  equations,  however  the  only  conclusion 
that  could  be  drawn  was  that  the  transition  rate  oo^  needs  to  be  almost  an 
order  of  magnitude  greater  than  other  transition  probabilities  for  the  70  gc 
maser  to  operate.  The  main  difficulty  with  the  solutions  was  the  fact  that 
none  of  the  rates  are  known  to  the  accuracy  necessary  for  conclusive  results. 

Since  the  scope  of  the  present  program  will  not  allow  measurement  of  the 
relaxation  rates,  further  work  along  these  lines  is  not  justified. 
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5.  CONCLUSIONS 

Tests  carried  out  during  this  period  have  shown  that  a  traveling -wave  - 
type  maser  is  feasible  at  70  gc.  Further  work  is  needed  to  properly  match 
the  rutile  sample  to  the  microwave  circuit  and  to  obtain  a  proper  isolator 
material. 

A  computer  program  for  the  solutions  to  the  steady  state  rate  equations 
has  shown  that  a  much  more  detailed  knowledge  of  the  transition  rate  will  be 
required  before  a  completely  satisfactory  explanation  of  the  70  gc  maser 
operation  can  be  given. 

A  new  superconducting  magnet  design  has  been  completed  and  fabrication 
of  the  device  is  being  carried  out.  This  magnet  will  supply  a  field  of  4  to  5.  5 
kilogausses  with  a  uniformity  of  2  gausses  over  a  crystal  1-1/2  inches  long. 
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6.  PROGRAM  FOR  NEXT  INTERVAL 


Since  the  next  interval  will  be  covered  by  the  final  report,  the  70  gc  maser 
will  be  completed  during  that  period. 

Final  assembly  and  testing  will  be  completed  and  the  system  will  be  de¬ 
livered  to  USAELRDL,  Fort  Monmouth,  New  Jersey. 


7  .  IDENTIFICATION  OF  KEY  TECHNICAL  PERSONNEL 


The  following  is  a  list  of  personnel,  their  titles,  and  the  approximate 
number  of  man-hours  performed  by  each  during  the  period  covered  by  this 
report. 


Name 

Title 

Man-H 

Wayne  E.  Hughes 

Project  Engineer 

50 

Robert  A.  Moore 

Fellow  Engineer 

Z0 

Denis  C.  Webb 

Associate  Engineer 

30 

Charles  R.  Kremenek 

Associate  Engineer 

100 
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Commanding  Officer  1 

Harry  Diamond  Laboratories 
Attn:  Library,  Rm211  Bldg  92 
Washington  25,  D.C. 


1109C 


7**®  A- - 

DISTRIBUTION  LIST  (Continued) 

No,  of  Copies 

Chief  of  Ordnance  I 

Attn:  ORDTX-AR 
Washington  25,  D.C. 

Technical  Library  1 

OASD  (RfcE) 

Rm  3E1065,  The  Pentagon 
Washington  25,  D.C. 

Chief  of  Research  and  Development  1 

OCS,  Department  of  the  Army 
Washington  25,  D.C. 

Chief,  U.S.  Army  Security  Agency  2 

Arlington  Hall  Station 
Arlington  12,  Virginia 

Deputy  President  1 

U.S.  Army  Security  Agency  Board 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Rome  Air  Development  Center  1 

Attn:  Mr.  Lester  Gubbins 
Griffis s  Air  Force  Base 
Rome,  New  York 

Chief  of  Naval  Research  1 

Physics  Branch  (421) 

Department  of  the  Navy 
Washington  25,  D.C. 

Hughes  Aircraft  Company  1 

Attn:  Henry  Senf 
Malibu,  California 

Commanding  Officer  1 

U.S.  Army  Electronic  Material  Agency 

Attn:  SELMA ->R2b 

225  South  18th  Street 

Philadelphia  3,  Pennsylvania 

Commander  1 

Air  Force  Command  &  Control  Development  Division 

Attn:  CRZC 

L.  G.  Hans  com  Field 

Bedford,  Massachusetts 


1109C 


DISTRIBUTION  LIST  (Continued) 


Commanding  General 
U.S.  Army  Materiel  Command 
Attn:  R&D  Directorate 
Washington  25,  D.C. 

Corps  of  Engineers  Liaison  Office 
U.S.  Army  Electronics  R&D  Laboratory 
Fort  Monmouth,  New  Jersey 

AFSC  Scientific/Technical  Liaison  Office 
U.S.  Naval  Air  Development  Center 
Johns  ville,  Pennsylvania 

Commanding  General 

U.S.  Army  Combat  Development  Command 
Attn:  CDCMR-E 
Fort  Belvoir,  Virginia 

Headquarters 

Electronics  Systems  Division 
Attn:  ESAT 
L.G.  Hanscom  Field 
Bedford,  Massachusetts 

Director 

Fort  Monmouth  Office 

U.S.  Army  Communications  &  Electronics  Combat 

Development  Agency 

Fort  Monmouth,  New  Jersey 

Commanding  Officer 

U.S.  Army  Electronics  R&D  Laboratory 
Fort  Monmouth,  New  Jersey 
Attn:  Director  of  Research 
Attn:  Chief,  Technical  Documents  Center 
Attn:  Chief,  Technical  Information  Division 
Attn:  Ch,  S&M  Br,  Solid  State  Frequency  Control 
Division 

Attn:  Rpts  Dist  Unit,  Solid  State  &  Frequency  Control 
Division  (Record  Cy) 

Attn:  Mr.  Brand,  Solid  State  &  Frequency  Control 
Division 

Attn:  Mr.  Matthei,  Solid  State  &  Frequency  Control 
Division 

Attn:  Mr.  R.  Pearce,  Radar  Division 
Attn:  Mr.  E.  Frost,  Solid  State  &  Frequency  Control 
Division 


No.  of  Copies 


D-4 


1109C 


7*®*- - 

DISTRIBUTION  LIST  (Continued) 

No.  of  Copies 

Commander  ^ 

Wright -Patter s on  Air  Force  Base 

Attn:  ASRN-ET-3  (Mr.  Kenneth  Hutchison) 

Aeronautical  Systems  Division 
Dayton,  Ohio 

Eugene  O.  Ammann  ^ 

Stanford  Electronics  Laboratories 
Stanford,  California 

Frank  Arams  1 

Airborne  Instruments  Laboratory 
100  Walt  Whitman  Road 
Melville,  Long  Island,  New  York 

USAELRDL  Liaison  Officer  1 

Rome  Air  Development  Center 
ATTN:  RAOL 

Griffiss  Air  Force  Base,  New  York 

This  contract  is  supervised  by  the  Solid  State  &  Frequency  Control  Division, 
Electronic  Components  Department,  USAELRDL,  Fort  Monmouth,  New 
Jersey.  For  further  technical  information,  contact  Mr.  E.  Frost,  Project 
Engineer.  Telephone  525-2655  (New  Jersey  Area  Code  201). 


D-5/D-6 


© 


Uim 

aas<*i 

.a  .<*<?£ 

h  •> fc  *s  i  ~ 

n  •<  O  2  "  * 

S  0  ■  rt  • 


.  a  • 
B  H  •  0  ** 
i  Z 

>o  * 


«  <2  w  M  2 
i  n.  X  u 


fc  S  • 

U» 


ylSw'lgg* 

fis* • J*| 


j  I  j  «  5  k 

I II Hi! 

1  i » i  1 « • 

a 

S  g  **  •  s,  •  a 

.3  jl  8  •  IS 

2  v  «m  >  s  5  *« 

p  >  o  t  a  •  ^ 

mill 

la  ill: 

h  o  e»  c  3  3 

i ;  |  II  f 

fi  >  a  3  *  Jb 

>,  -  U 

•S)o3.Jii 
*  '  ^  *  u  ^ 

v  $  ~  .'i  t  9 

IS  1:11 

I  8  JS  |o  s 

£  -2  h  -g  .5  * 


►»  u 

*  *iS'» 


s  f  i  j  <  u  •  •  5  6  ***  z 
6  5  E  S  ..«•<*  a.  .-o'? 

*  „  S  •  o  *  'Soj^.-Zf 


is*g& 


33  O  ft 

*  s  & 

m  g  g 

i  it 

■S  3  = 

«  5  « 
>  ^ 

•  >«  §• 
3  ^ 

,  $  V* 

%  ill 


M  gtf 

JS-sl* 

"S  *  «  y  vi 
J  0  X  t  3 

*3  8  «  5  *« 
x  «  i  fl  c 

!  I{ 

k  £  c  o  0 

«  _  4,  5  ° 

:  i  ?  I  sr 

»;JmS 

lit  if 

5  I  s  s.* 

;  3  g  o  c 

*3  «  •  c  ® 
S3  a  «g 

S;  3  g  •  ■“ 
32*^3 

E  ^  o  i> 

*  «  5  5  c 

•  *  *  1?  3  *9 

3;^  .2 

E  |  u  3  3  s 

.2  2  a  ft  .?  a 

2  y  3  'S  • 
3  0  .ft  g  0  2 

oc  U  O  F*  U  «• 


*>  ^  0 
O  ft 

*  ft  ^ 

.2  S  2  £ 

5 . *  £ 

_  d  •  0 
8.2  2  . 

5  S  2| 

•°  f  g  ! 

■c  2  h 

*  4>  ** 

1 5 1  -  «• 

A  i  i  •  > 

2 1 :  S3 

J  »-  s  a 

1  a  t)  g  o 
5  4  0  «  o 

»  2  £  *e 

§»w  fl  « 

y  4>  « 

«j  £  «  «  j 

2  *  3  s  5 

o.  >  a  2  2 

»«  o  “  !  2 

•  •  B  f 

|“  g  *  • 
I  2  fl  I  § 

<  i  t  5  5, 


1 5  -  8  .r 

2  8  S  g  | 

*o  2  u  5  to 

x  .«  3  -o  c 


li|;t 
tail  1 

ft  T  #  5  y 

S 1  ?8 1 

Is  2  s  a 

1  ml 

fB  2  l>  J*  A 

5  5  >  a  v. 

•  Sd  o  o 

llifi 

II  3  -S  J3 

! til  3 

4>  M  •*  o  ■ 

2  *  *  .>  *2  *§ 

2  |  si  S  I 

S 21 gf| 

I  o  .ft  g  o  3 

06  y  u  H  y 


,  jj  «  « 

.5  3  2  £ 

5  a  *  sb 

8.2  2  . 

3  i  !| 

s  an  ti 

|cj«x 

2  H  Jj  a  I 

2  »5  s  a 

3  1  a  3  § 

i|*!3 

m  5  «  ,S2  k 
2  4»  3  S  s 
a  >;  |  g  I 

*,  o  u  "2 

ft  •  a  -s 

uiu 

s  0  2  5  c 
S  c  o  I  § 


•ft  s 

5  »  3  .1 

I  8  JS  g  S 

■3  2  U  J  TJ 
<  J  <  t  t 

?!9r§ 


1  8  S-flE^S 

|a.-  ff&it 
:i  l  ?ct 1 1 
s«2  lists. 
U 1 J  5  ii"s 
us  jUSi 

B  f“  1  3  J  .» J! 

sag  s .« s  ? . 


\\%  ilijj 
i?i  :SllL 
jf^  *uul 

9  Hi  illlfl 


■1  •*  **  £ 

%  .  -  H. 
8.2  2  . 

§  i 2 1 

ifli . 
2  «  *  •  ► 
25  •  a  I 

liUi 

*  i  a  a  a 

!|"|3 


I  Jja: 

hlii 


I  9  •  ;  ?  ?  3  t 

:?!  |i ill 

3  q  4  >«£?ft 
8  -8  *.  5  ‘  1 5  0 

s  |  f  .-si's  * 

*  *2  -35302 
sis  1 1 5 

til  ilii* 

III  2t|i  1 

H  [ill 

s  111  illlfl 


v  „  o 

« 5  s. 

as  z  * 

% .  •  z 

8.1  2  2 

§  3  2  3 

SUE 

lijii 

2s:»| 

U  •  Jl  L.  .. 


*  s  a  a  a 

IJ  .|i 

Ml  | 

irlf  5 


